R
esearch, education, and innovation are key tools to boost growth and employment in the European Union in the context of a global economy. Gene therapy research in Europe presently holds a leading position internationally. Recognizing that the development of effective and safe gene therapy protocols and their translation into products for patients is a lengthy and multidisciplinary process, over the past 15 years the European Union has supported collaborative efforts in gene transfer and gene therapy research amounting to more than €272 million distributed among 94 projects. The research teams-some of which include presidents of the European Society of Gene and Cell Therapy and European Research Council grant recipientshave published extensively and patented new tools for gene transfer and therapy. Investment in this field by the European Union has paid off and has led to new clinical trials in Europe and beyond.
The recent potential therapeutic avenues generated by the use of induced pluripotent stem cells have reinforced interest in gene transfer technology. In combination with the deciphering of the human genome and advances in genetic testing and molecular diagnostics, new gene transfer technology should accelerate the development of personalized medicine and, in the event of discovery of a new molecular target, should speed up application of such targets in the clinic. Although the regulatory processes for engineered cell-based therapies and product marketing authorization slow the translation from bench to bedside, the safety of gene transfer vectors has improved markedly in recent years. The European Medicines Agency's recent approval of Glybera as the first gene therapy medicinal product in the European Union 1 underlines the progress made over the years and strengthens the promise of the field for new treatments of rare and more common disorders that currently lack effective therapies.
The European Union supports research and technology development via multiannual Framework Programmes, and each year it publishes an online Work Programme calling for research proposals in particular areas, such as rare, chronic, or infectious diseases, biotechnologies and medical devices, diagnostics, or cancer (http:// ec.europa.eu/research/participants/portal/page/ cooperation#health). Researchers worldwide can participate in these projects, provided that the projects include collaborators from at least three European Union member states or associated countries. Global stakeholders such as the World Health Organization or public-private partnerships, civil society, nongovernmental organizations, patient organizations, or individuals are also welcome. Notably, European funding programs are fully open to US researchers, based on a mutual agreement between the European Union and the National Institutes of Health. 2 A majority of the ongoing projects represent multidisciplinary collaborations between academia, clinicians, and industry. Moreover, specific calls for proposals are designed to attract participation of small and medium-sized enterprises (SMEs) by requesting industrial leadership of the project, a limited lifetime (up to 3 years), and a substantial budget allocation (up to 50%) to industry.
Evaluations of proposals are performed by highly recognized international experts from both academia and industry, and typically involve two stages. During the first stage both the scientific and technological merit, as well as the potential societal impact of projects, are evaluated. Participants in the successful projects are then requested to submit a more detailed work program for the second stage. These are then judged on three criteria: science and technology, impact, and implementation. Successful candidates participate in a negotiation phase during which the experts' scientific, ethical, and administrative recommendations are included in the project before the grant agreement is signed.
In the 1990s, successful projects addressed basic research and specific problems such as vector safety, the delivery of transgenes to specific cells, the control of transgene expression, and the development of Table 1 ), most of the latest calls for proposals require as eligibility conditions the performance of clinical trial(s) and substantial involvement of SMEs. Differences in regulations between countries remain an impediment to international collaboration involving clinical studies, and efforts toward harmonization and mutual recognition of ethical and regulatory processes should facilitate future studies.
Under FP7, to date, 16 collaborative projects involving gene transfer and gene therapy research have been supported with a total budget of over €84.9 million ( Table 1) . They represent a total of 180 participating organizations, of which 16% are SMEs, creating a unique opportunity for synergy between research teams from the public and private sectors (Figure 1a) . Although most participants are based in Europe (Figure 1b) , more than one-third of the projects include at least one participant outside the European Union.
The 2012 Work Programme, published in July 2011, advertised calls for proposals for clinical trials in gene therapy, DNA vaccination, oligonucleotide and RNA transfer, and also targeted proposals pertaining to rare diseases. As a result, approximately €46 million will be granted during 2012 to eight new projects addressing chronic granulomatous disease, Thanks to the reinforced policy of SME involvement in FP7, SME participation in gene transfer projects now represents more than 13% of the European Union budget contribution, compared with less than 6% in the previous Framework Programmes. The next European strategic framework for research and innovation for the period 2014-2020, Horizon 2020, will continue to support the development of innovative tools, technologies, and SMEtargeted topics. Possible applications of the technology lie not only in the treatment of rare disorders but also in major health problems related to a rapidly aging European population such as cancer and diabetes, as well as cardiovascular and neurodegenerative disorders. 
